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The IKEMA study (Randomized, Open Label, Multicenter Study Assessing the Clinical Benefit

of Isatuximab CombinedWith Carfilzomib [KyprolisVR ] and Dexamethasone Versus

CarfilzomibWith Dexamethasone in Patients With Relapse and/or Refractory Multiple

Myeloma Previously TreatedWith 1 to 3 Prior Lines; #NCT03275285) was a randomized,

open-label, multicenter phase 3 study investigating isatuximab plus carfilzomib and

dexamethasone (Isa-Kd) vs Kd in patients with relapsedmultiple myeloma. This subanalysis

analyzed the depth of response of Isa-Kd vs Kd. The primary end point was progression-free

survival (PFS); secondary end points included overall response rate, very good partial

response or better ($VGPR) rate, complete response (CR) rate, and minimal residual disease

(MRD) negativity rate (assessed in patients with$VGPR by next-generation sequencing at a

1025 sensitivity level). At a median follow-up of 20.7 months, deeper responses were

observed in the Isa-Kd arm vs the Kd arm, with$VGPR 72.6% vs 56.1% and CR of 39.7% vs

27.6%, respectively. MRD negativity occurred in 53 (29.6%) of 179 patients in the Isa-Kd arm

vs 16 (13.0%) of 123 patients in the Kd arm, with 20.1% (Isa-Kd, 36 of 179 patients) vs 10.6%

(Kd, 13 of 123 patients) reaching MRD-negative CR status. Achieving MRD negativity resulted

in better PFS in both arms. A positive PFS treatment effect was seen with Isa-Kd in both

MRD-negative patients (hazard ratio, 0.578; 95% CI, 0.052-6.405) and MRD-positive patients

(hazard ratio, 0.670; 95% CI, 0.452-0.993). Exploratory analysis indicates that both current CR

and MRD-negative CR rates are underestimated due to M-protein interference (potential

adjusted CR rate, 45.8%; potential adjusted MRD-negative CR rate, 24.0%). In conclusion,

there was a clinically meaningful improvement in depth of response with Isa-Kd. The CR rate

in Isa-Kd was 39.7%. Mass spectrometry suggests that the potential adjusted CR rate could

reach an unprecedented 45.8% of patients treated with Isa-Kd.
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Key Points

� This report analyzed
the depth of response
of Isa-Kd vs Kd in
relapsed multiple
myeloma.

� Deeper responses
were observed with
Isa-Kd, including a CR
rate of 39.7%
(increased to 45.8%
when adjusted).
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Introduction

Over the past 10 years, the development of several novel treatments
with different mechanisms of action has improved the survival of
patients with multiple myeloma (MM).1 Consequently, an increasing
proportion of patients with MM expect to achieve deep responses uti-
lizing the novel treatments currently available.2 However, despite these
therapeutic advances to date, MM remains incurable, and new potent
treatment regimens are required to bridge this unmet clinical need.

Deep response to MM treatment is associated with improved
progression-free survival (PFS) and overall survival (OS).3,4 Minimal
residual disease (MRD) is an important prognostic factor in MM, and
achievement of MRD-negative status is associated with improved
survival outcomes.2,5 Importantly, use of MRD assessment to mea-
sure response to MM treatment and predict survival outcomes in
clinical practice may allow early utilization of the most effective tar-
geted therapies.

Monoclonal antibody–based therapies have substantially improved
clinical outcomes for patients with MM. Isatuximab (Sarclisa, sanofi-
aventis US LLC, Bridgewater, NJ) is an immunoglobulin-G1 (IgG1)
monoclonal antibody that targets a specific epitope on the CD38
receptor, which is uniformly expressed on MM cells. Isatuximab’s
modes of action include inhibition of CD38 ectoenzymatic activity
and immediate tumor cell lysis through antibody-dependent cellular
cytotoxicity, antibody-dependent cellular phagocytosis, complement-
dependent cytotoxicity, and direct apoptosis. Isatuximab modulates
the activity of immune effector cells, including natural killer cells,
through the binding of the CD38 receptor. Isatuximab also elicits
longer term immunomodulation, which includes an increase in
CD31 T cells, a decrease in regulatory T cells, and the induction of
myeloma-specific antitumor immunity.6-11 Based on the phase 3
ICARIA-MM (A Phase 3 Randomized, Open-label, Multicenter Study
Comparing Isatuximab [SAR650984] in Combination With Pomali-
domide and Low-Dose Dexamethasone Versus Pomalidomide and
Low-Dose Dexamethasone in Patients With Refractory or Relapsed
and Refractory Multiple Myeloma) study, isatuximab is approved in
several countries, including Japan and the Republic of Korea, in
combination with pomalidomide and dexamethasone for the treat-
ment of adult patients with relapsed/refractory MM who have
received at least 2 prior therapies, including lenalidomide and a pro-
teasome inhibitor.12,13 To date, based on the phase 3 IKEMA study
(Randomized, Open Label, Multicenter Study Assessing the Clinical
Benefit of Isatuximab Combined With Carfilzomib [KyprolisVR ] and
Dexamethasone Versus Carfilzomib With Dexamethasone in
Patients With Relapse and/or Refractory Multiple Myeloma Previ-
ously Treated With 1 to 3 Prior Lines; #NCT03275285), isatuximab
in combination with carfilzomib (an irreversible second-generation
proteasome inhibitor) and dexamethasone (ie, Isa-Kd) is approved in
the United States for the treatment of adult patients with relapsed/
refractory MM who have received 1 to 3 prior lines of therapy, in the
European Union for the treatment of adult patients with relapsed
MM who have received at least 1 prior therapy, and in Japan for the
treatment of adult patients with relapsed or refractory MM who have
received 1 prior treatment.12-14 Carfilzomib is a proteasome inhibitor
approved for use in combination with dexamethasone for patients
with relapsed/refractory MM based on the phase 3 ENDEAVOR
(A Randomized, Open-label, Phase 3 Study of Carfilzomib Plus

Dexamethasone vs. Bortezomib Plus Dexamethasone in Patients
With Relapsed Multiple Myeloma) study15-17 showing superior effi-
cacy of carfilzomib combined with dexamethasone compared with
bortezomib combined with dexamethasone (median PFS and OS,
18.7 and 47.6 months vs 9.4 and 40.0 months, respectively; hazard
ratios [HRs], 0.53 and 0.79; P , .0001 and .010, respectively).
These results were the basis for the control treatment used in the
IKEMA study.

The current analysis explored the depth of response, including
MRD-negativity long-term survival outcomes, and kinetics of disease
response in the IKEMA study, a randomized, open-label, multicenter
phase 3 study that investigated Isa-Kd (n 5 179) vs carfilzomib and
dexamethasone (ie, Kd; n 5 123) in patients with relapsed MM and
1 to 3 prior lines of therapy.18 At the prespecified interim analysis,
at a median follow-up of 20.7 months, the median PFS was not
reached in the isatuximab arm vs 19.2 months in the control arm
(HR, 0.531; 99% confidence interval [CI], 0.318-0.889; one-sided
P 5 .0007), corresponding to a 47% reduction in the risk of pro-
gression or death.19

Isatuximab, being a monoclonal IgG antibody, can be detected on
immunofixation electrophoresis (IFE) and conventional serum protein
electrophoresis (SPEP) assays that monitor patients for residual
M-protein. This interference may lead to false-positive immunofixation
results and thus underestimation of a patient’s response to treat-
ment according to International Myeloma Working Group (IMWG)
criteria.1 Immuno-capture and liquid chromatography coupled to
high-resolution mass spectrometry of serum M-protein was per-
formed to overcome the interference with isatuximab in the standard
IFE assay. This paper also reports the impact on depth of response
with Isa-Kd, considering adjustment with mass spectrometry.

Methods

IKEMA study design and participants

The IKEMA phase 3 study design has been published previously.18

Briefly, patients were randomized in a 3:2 ratio to receive Isa-Kd or
Kd. Randomization was stratified according to number of prior lines
of treatment (1 vs .1) and revised international Staging System
(R-ISS) (Stage I or II vs III vs not classified).

The study was approved by local independent ethics committees
and/or institutional review boards for review, and written approval
was obtained from patients before enrollment into the study. The
study was conducted in accordance with consensus ethics princi-
ples derived from international ethics guidelines, including the Decla-
ration of Helsinki and the International Conference on Harmonisation
guidelines for Good Clinical Practice, as well as all applicable laws,
rules, and regulations.

End points

The primary end point was PFS, and key secondary end points
were overall response rate,18 very good partial response or better
($VGPR) rate, MRD negativity rate, complete response rate, and
OS. Disease response and date of progression were determined by
a blinded Independent Response Committee (IRC) based on central
data for M-protein, central imaging review, and local bone marrow
for plasma cell infiltration according to IMWG criteria.1 Exploratory
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end points included the impact of M-protein measurement without
interference on best overall response assessment.

Procedures

MRD was assessed in bone marrow aspirates by using next-
generation sequencing (NGS) by clonoSEQ at a 1025 sensitivity
level from patients who achieved $VGPR. Immuno-capture and liq-
uid chromatography coupled to high-resolution mass spectrometry
analyses were performed on the 27 patients with near or potential
CR20 (only those with serum immunofixation [IF] positive for IgG k)
or potential CR (serum remaining M-protein #0.5 g/dL with
IF-positive IgG k) in the Isa-Kd arm to measure serum M-protein
without isatuximab interference. M-protein analyses were performed
either by a central laboratory or Sanofi TMED Department (Montpel-
lier Cedex, France) using a validated mass spectrometry test. The
M-protein detection limit varied between 0.012 and 0.025 g/dL. In
publications, the lower limit for detection of M-protein or of thera-
peutic monoclonal antibodies by immunofixation has been reported
as 0.025 g/dL.21,22 The threshold for M-protein positivity in the
mass spectrometry assay was determined at 0.025 g/dL.

Statistical analyses

The interim analysis of PFS was preplanned when 65% of the 159
PFS events (103 events) were observed. For PFS, comparison
between arms was conducted through a log-rank test procedure by
stratification factors at randomization. HRs and corresponding CIs
were estimated by using the stratified Cox proportional hazards
model. Secondary end points were compared between treatment
arms by using the stratified Cochran-Mantel-Haenszel test and a
hierarchical procedure.

MRD negativity rate analysis was performed in the intention-to-treat
population. For this analysis, patients in the intention-to-treat popula-
tion with no MRD assessment were considered MRD positive. Anal-
yses on the MRD negativity rate were also performed on patients
with $VGPR as per IRC. MRD status according to best overall
response as per IRC was also assessed.

Results

Depth of response and MRD negativity rates

At the positive PFS interim analysis with median follow-up of 20.7
months, deeper responses were observed in the Isa-Kd arm vs the
Kd arm, with $VGPR 72.6% vs 56.1% (nominal P value 5 .0011)
and $CR 39.7% vs 27.6%, respectively (Figure 1A). Consistent
with the IRC assessment, the rate of$VGPR based on the investiga-
tor assessment was 71.5% and 56.9% in the Isa-Kd and Kd arms,
respectively. MRD negativity (sensitivity 1025 by NGS) in the inten-
tion-to-treat population occurred in 53 (29.6%) of 179 patients in the
Isa-Kd arm vs 16 (13.0%) of 123 in the Kd arm (nominal P5 .0004)
(Figure 1B), with 20.1% (36 of 179 patients in the Isa-Kd arm) vs
10.6% (13 of 123 patients in the Kd arm) reaching both CR as per
IRC and MRD negativity (Figure 1A). The MRD negativity rate at 12
months was 26.8% (95% CI, 0.20-0.34) in Isa-Kd and 12.2% (95%
CI, 0.07-0.19) in the Kd arm; the CRMRD negativity rate at 12 months
was 17.3% in Isa-Kd (95% CI, 0.06-0.17) vs 10.6% (95% CI, 0.12-
0.24) in Kd. The CR MRD-negative CR rate at 12 months was 17.3%
in Isa-Kd (95% CI, 0.06-0.17) vs 10.6% (95% CI, 0.12-0.24) in Kd.

Responses occurred quickly in both treatment arms, with similar
median times to first response (32.0 days in the Isa-Kd arm vs 33.0
days in the Kd arm), but median time to the first CR occurred earlier
with Isa-Kd vs Kd (median, 184.0 days vs 229.5 days). Analysis of
response over time in the Isa-Kd arm showed that all responding
patients obtained at least a partial response by cycle 5 and $VGPR
was obtained by cycle 12 (Figure 2A). Furthermore, most patients
in the Isa-Kd arm who achieved CR and MRD negativity obtained
the best response by cycle 12 (12 months), although some patients
still obtained CR and MRD negativity between cycle 12 and cycle
24 (12 and 24 months), indicating a maturation of depth of
response over time. Substantially fewer patients in the Kd arm
achieved CR and MRD-negative status (Figure 2B).

Patient demographic and baseline characteristics

based on MRD status

When comparing baseline characteristics of patients reaching MRD
negativity in the Isa-Kd arm (53 patients) vs the Kd arm (16 patients)
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Per protocol, the CR was not tested at the time of the interim analysis because the Hydrashift M-protein interference assay38 was not yet available at that time. †Stratified

Cochran-Mantel-Haenszel test. One-sided significance level is .025. ‡Provided for descriptive purposes only. ITT, intention-to-treat; ORR, overall response rate.

4508 MARTIN et al 9 AUGUST 2022 • VOLUME 6, NUMBER 15

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/6/15/4506/1911817/advancesadv2021006713.pdf by guest on 08 June 2024



Isa-Kd arm

Kd arm

Pe
rc

en
t

100

80

60

40

20

0

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

13

23

33

42

43

43
43 42 39 36 36 35 36 36 36 35 35 34 34 33 33 33 33 33 33 33 33

10 12
17

21
25 27

31 35 35 36 36 36 36 38 38 39 39 40 40 40 40 40 40 40 40

8

18

31

37
39

40
37 34

31 30
28 28 28 29 28 28 29 28 28 28 28 28 28 28 28 28 28

7 7
11 13 16

20 22 25 26 26 26 27 27 27 28 28 28 28 28 28 28 28 28 28

Pe
rc

en
t

100
A

B

80

60

40

20

0

Cycle
BOR: MRD–CR VGPR

Cycle
BOR: MRD–CR VGPR

Figure 2. Cumulative best overall response based on IRC according to cycle. Patients who received Isa-Kd (A) compared with those who received Kd

(B) (intention-to-treat population). BOR, best overall response.

9 AUGUST 2022 • VOLUME 6, NUMBER 15 ISATUXIMAB DEPTH OF RESPONSE IN RELAPSED MYELOMA 4509

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/6/15/4506/1911817/advancesadv2021006713.pdf by guest on 08 June 2024



(Table 1), more patients in the Isa-Kd arm reaching MRD-negative
status had adverse prognostic markers such as renal function
impairment (estimated glomerular filtration rate,60 mL/min/1.73 m2,
26.5% vs 13.3%), high-stage disease (ISS Stage III at diagnosis,
32.1% vs 12.5%), lactate dehydrogenase levels more than the
upper limit of normal (24.5% vs 13.3%), or were heavily pretreated
($3 prior lines, 22.7% vs 12.5%). Median age (64.0 years vs 65.5
years) and presence of gain(1q21) (45.3% vs 43.8%) were similar
between arms in patients reaching MRD negativity. In the patients

achieving MRD negativity, high-risk cytogenetic abnormalities were
less frequent in the Isa-Kd arm (17.0%) than in the Kd arm (43.8%),
resulting in a high proportion of standard-risk patients reaching MRD
negativity in the Isa-Kd arm.

Comparing baseline characteristics in patients within the Isa-Kd arm
reaching MRD negativity (n5 53) vs MRD-positive status (n5 126),
similar percentages of patients had renal function impairment (esti-
mated glomerular filtration rate ,60 mL/min/1.73 m2), high-stage
disease (ISS Stage III at diagnosis), presence of gain(1q21), were

Table 1. Key patient demographic and baseline characteristics according to treatment group and MRD status (randomized population)

Characteristic

MRD negative (n 5 69) MRD positive (n 5 233)

Isa-Kd (n 5 53) Kd (n 5 16) Isa-Kd (n 5 126) Kd (n 5 107)

Age, y

Median 64.0 65.5 65.0 63.0

Range 37-83 33-78 38-86 38-90

Age by category

,65 y 29 (54.7) 8 (50.0) 59 (46.8) 58 (54.2)

$65-74 y 20 (37.7) 6 (37.5) 54 (42.9) 41 (38.3)

$75 y 4 (7.5) 2 (12.5) 13 (10.3) 8 (7.5)

eGFR (MDRD* formula)

No. of evaluable patients 49 15 116 96

,60 mL/min/1.73 m2 13 (26.5) 2 (13.3) 30 (25.9) 16 (16.7)

$60 mL/min/1.73 m2 36 (73.5) 13 (86.7) 86 (74.1) 80 (83.3)

ISS stage at initial diagnosis

Stage I 10 (18.9) 8 (50.0) 30 (23.8) 25 (23.4)

Stage II 13 (24.5) 6 (37.5) 40 (31.7) 42 (39.3)

Stage III 17 (32.1) 2 (12.5) 35 (27.8) 23 (21.5)

Unknown 13 (24.5) 0 21 (16.7) 17 (15.9)

LDH more than the ULN 13 (24.5) 2/15 (13.3) 31/123 (25.2) 15 (14.0)

Prior lines of therapy

Median 1 1 2 2

Range 1-4 1-3 1-4 1-4

1 line 28 (52.8) 10 (62.5) 51 (40.5) 45 (42.1)

2 lines 13 (24.5) 4 (25.0) 51 (40.5) 32 (29.9)

$3 lines 12 (22.7) 2 (12.5) 24 (19.1) 30 (28.1)

Patients refractory to

Lenalidomide 14 (26.4) 4 (25.0) 43 (34.1) 38 (35.5)

IMiD and PI 6 (11.3) 2 (12.5) 29 (23.0) 25 (23.4)

Refractory to last regimen 25 (47.2) 5 (31.3) 64 (50.8) 68 (63.6)

Lenalidomide 10 (18.9) 3 (18.8) 26 (20.6) 28 (26.2)

Bortezomib 8 (15.1) 2 (12.5) 24 (19.0) 21 (19.6)

Cytogenetic risk†

High risk 9 (17.0) 7 (43.8) 33 (26.2) 24 (22.4)

Standard risk 41 (77.4) 9 (56.3) 73 (57.9) 69 (64.5)

Unknown or missing 3 (5.7) 0 20 (15.9) 14 (13.1)

Gain(1q21) present‡ 24 (45.3) 7 (43.8) 51 (40.5) 45 (42.1)

Data are presented as No. (%) unless otherwise indicated. CRF, chronic renal failure; eGFR, estimated glomerular filtration rate, IMiD, immunomodulatory drug; LDH, lactate
dehydrogenase; MDRD, Modification of Diet in Renal Disease; PI, proteasome inhibitor; ULN, upper limit of normal.
*Incidence calculated in patients with reported CRF: 165 patients in the Isa-Kd arm and 111 patients in the Kd arm.
†Cytogenetics by central laboratory: cutoff 50% for del17p, 30% for t(4;14) and t(14;16).
‡Gain(1q21) is defined as the presence of at least 3 copies with a cutoff of 30%.
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refractory to lenalidomide in the last regimen, and were heavily
pretreated ($3 prior lines).

PFS based on MRD status

PFS according to MRD status is shown in Figure 3. MRD-negative
patients had a longer PFS compared with MRD-positive patients.
The very low PFS event rate and the plateau aspect of the Kaplan-
Meier curves in the MRD-negative patients support the prognostic
relevance for long-term outcomes of the MRD-negative observation.
Isa-Kd clearly improved PFS in MRD-positive patients (HR, 0.670;
95% CI, 0.452-0.993). In MRD-negative patients, a similar PFS HR
of 0.578 (95% CI, 0.052-6.405) in favor of Isa-Kd was observed

but should be interpreted with caution due to the low PFS rate
observed at current follow-up.

Adjustment for isatuximab M-protein interference

The interference of isatuximab with M-protein assessment was
tested by using mass spectrometry in 153 samples from 27 patients
with near-CR (no serum M-protein by SPEP and serum IF-positive
for IgG k) or potential CR (serum M-protein #0.5 g/dL by SPEP
with IF-positive IgG k) in the Isa-Kd arm. In 15 patients, there was no
residual M-protein detectable in multiple samples at the sensitivity
level of the central laboratory immunofixation test (below 0.025 g/dL).
Among these 15 patients, 11 had documented ,5% plasma cells
in bone marrow, indicating these patients could have CR as best
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response (no residual serum M-protein above the threshold for IFE
positivity in the study). This supports the premise that the current CR
rate is underestimated and that the adjusted CR rate could be
45.8% (82 of 179).

Of the 11 patients who were negative according to mass spectrom-
etry testing with #5% bone marrow plasma cells, 7 patients were
also MRD-negative, supporting that the current MRD-negative CR
rate is also underestimated and that the adjusted MRD-negative CR
rate could be 24.0% (43 of 179) (Figure 4).

Discussion

IKEMA is the first phase 3 study to evaluate the triplet regimen Isa-
Kd, previous studies of Kd having already shown that this doublet
regimen is effective, and the first to show PFS and OS superiority
over bortezomib-dexamethasone in relapsed/refractory MM.16 The
results from IKEMA showed that the addition of isatuximab to Kd was
associated with a significant benefit in PFS in patients with relapsed
MM compared with Kd alone.19 The risk of disease progression or
death was 47% lower in the Isa-Kd arm, indicated by the very low
HR at the time of the prespecified interim analysis (0.531; 99% CI,
0.318-0.889; P 5 .0007). A similar response rate was reported in
both arms due to a very high response rate of 82.9% in the control
arm, which is the highest response rate ever reported for Kd (77% in
ENDEAVOR and 75% in CANDOR (A Randomized, Open-label,
Phase 3 Study Comparing Carfilzomib, Dexamethasone, and Daratu-
mumab to Carfilzomib and Dexamethasone for the Treatment of
Patients With Relapsed or Refractory Multiple Myeloma]). However,
the quality of response was better in the Isa-Kd arm vs Kd arm, with a
clinically meaningful improvement in $VGPR (72.6% vs 56.1%) and
CR rate (39.7% vs 27.6%) despite lack of a test accounting for inter-
ference between M-protein and isatuximab.

In this study, an unprecedented MRD-negative rate was reported in
patients with relapsed MM treated with a proteasome inhibitor–
based regimen (Isa-Kd, 29.6%; Kd, 13.0%). Also, twice as many
patients in the CR group reached MRD negativity status (20.1% vs
10.0%) in the Isa-Kd arm vs the Kd arm.

Within the constraints of cross-trial comparison, an MRD negativity
rate of 29.6% with Isa-Kd after a median follow-up of 20.7 months
seems superior to other proteasome inhibitor–based regimens in
relapsed MM. In the CANDOR study of patients with relapsed MM
with 1 to 3 prior lines of therapy, an MRD negativity rate of 22.8%
was achieved in the daratumumab-Kd arm.1,18,23 In the
TOURMALINE-MM1 (A Phase 3, Randomized, Double-Blind, Multi-
center Study Comparing Oral Ixazomib [MLN9708] Plus Lenalido-
mide and Dexamethasone Versus Placebo Plus Lenalidomide and
Dexamethasone in Adult Patients With Relapsed and/or Refractory
Multiple Myeloma) study of patients with newly diagnosed MM, an
MRD negativity rate of 12.5% was achieved in the ixazomib, lenalido-
mide, and dexamethasone arm at a median follow-up of 55 months.24

In the POLLUX (Phase 3 Study Comparing Daratumumab, Lenalido-
mide, and Dexamethasone [DRd] vs Lenalidomide and Dexametha-
sone [Rd] in Subjects With Relapsed or Refractory Multiple
Myeloma) study of patients with MM who had received at least 1
prior line of therapy, an MRD negativity rate of 22% was achieved in
the daratumumab, lenalidomide, and dexamethasone arm.25

It is recognized that patients who achieve $VGPR and MRD nega-
tivity status at a sensitivity of 1 tumor cell per 105 cells have an

improved PFS and OS compared with those who are MRD positive,
and that NGS assays such as clonoSEQ are credible assays for the
assessment of MRD status.1,26 In our study, PFS was better for
patients reaching MRD negativity vs patients who remained MRD
positive, which is consistent with the literature. Although the associa-
tion between MRD negativity and prolonged long-term outcomes has
by now been well established in newly diagnosed MM, data from
large randomized trials on the predictive significance of MRD nega-
tivity in relapsed MM are more scarce.20,27 Our study adds to the
body of evidence that obtaining MRD negativity is a desired outcome
with longer term benefit in relapsed MM.28 A similar observation
has been made with isatuximab in combination with pomalidomide-
dexamethasone in the ICARIA study in a more refractory popula-
tion.29 Similar observations have also been made in studies with
daratumumab when used in combination with pomalidomide and
dexamethasone (APOLLO: Daratumumab plus pomalidomide and
dexamethasone versus pomalidomide and dexamethasone alone in
previously treated multiple myeloma), or in combination with lenalido-
mide and dexamethasone (POLLUX), or in combination with carfilzo-
mib and dexamethasone (CANDOR).23,25,30

In the current study, the addition of isatuximab to Kd increased the
potential to reach MRD-negative status independently of adverse
prognostic characteristics such as renal impairment, ISS Stage III,
$3 prior lines of treatment, gain(1q21), or being refractory to lenali-
domide in the last regimen, indicating that Isa-Kd treatment is inde-
pendent of these adverse prognostic characteristics. Fewer patients
were refractory to prior immunomodulatory drug and proteasome
inhibitor treatment among patients who were MRD negative vs
patients who were MRD positive, but this was observed in both
arms of the study, indicating that MRD negativity remains difficult to
achieve in this population. The percentage of patients with high-risk
cytogenetics at baseline and obtaining MRD negativity was lower in
the Isa-Kd arm compared with the Kd arm. As there was clear PFS
benefit (HR, 0.72) in the high-risk cytogenetic subgroup,19 this
result should be interpreted with caution due to the low number of
high-risk patients obtaining MRD negativity in each arm.

Analysis of patients in the Isa-Kd arm showed that all responding
patients obtained at least a $VGPR by cycle 12 (12 months).
Although most patients in the Isa-Kd arm who achieved CR and
MRD negativity obtained the best response by 12 months, some
patients obtained CR and MRD negativity between cycle 12 and
cycle 24 (12 and 24 months), indicating a maturation of depth of
response over time. Substantially fewer patients in the Kd arm
achieved MRD-negative CR status. Similar late achievement of CR
and/or MRD negativity has been reported with daratumumab-Kd in
the CANDOR study.18 An update on late CR and MRD negativity,
as well as more mature data on the PFS results in patients achiev-
ing MRD negativity in each treatment arm, is expected during further
follow-up of the IKEMA study.

Therapeutic monoclonal antibodies such as isatuximab may interfere
with IFE and SPEP assays, rendering false-positive results for the
detection of M-protein.31,32 Consequently, more sensitive and spe-
cific assays have been introduced to detect M-protein.33-37 An
isatuximab-specific antibody-capture assay to mitigate M-protein
interference on immunofixation is now Conformit�e Europ�eenne
marked in the European Union, US Food and Drug Administration
510(k) approved,38 and submitted for regulatory clearance in other
regions.39 However, at the time of the interim analysis of the IKEMA
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study, the isatuximab-specific assay was not available for use; there-
fore, M-protein interference was analyzed through high-resolution
mass spectrometry, preceded by immuno-capture and liquid chro-
matography. Recent recommendations from the IMWG Mass Spec-
trometry Committee have endorsed the use of mass spectrometry
to aid in distinguishing therapeutic antibodies from endogenous
M-protein.40 Although mass spectrometry has not yet been incorpo-
rated in the IMWG response criteria, the mass spectrometry results
in the IKEMA study suggest that conventional disease assessments
using IFE have led to an �6% underestimation of CR rate (adjusted
CR rate, 45.8%) and an �4% underestimation of MRD-negative
CR rate (adjusted MRD-negative CR rate, 24%) in the Isa-Kd arm.

In conclusion, treatment options for relapsed MM have improved
significantly over the past decade resulting in increases in CR rates
and life expectancy. However, with many patients experiencing
relapses following multiple therapies there is a continual need for
new molecules and novel combinations of treatments to improve
patient outcomes. More patients in Isa-Kd vs Kd reached MRD-
negative status (29.6% vs 13.0%) and at least twice as many
reached CR with MRD negativity status (20.1% vs 10.6%, adjusted
to 24.0% vs 10.6%). MRD negativity with Isa-Kd can be reached
independently of bad prognosis such as renal impairment, ISS
Stage III, $3 prior lines of therapy, and in patients with gain(1q21).
Furthermore, reaching MRD-negative status was associated with
longer PFS in both arms. The mass spectrometry results suggest
that the potential adjusted CR rate in patients receiving Isa-Kd could
reach an unprecedented 45.8% of patients previously treated with
1 to 3 prior lines of therapy. The high incidence of patients with at
least 1 prior line of treatment reaching MRD-negative CR in the Isa-
Kd arm further supports Isa-Kd as a new standard treatment for
patients with relapsed MM.
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